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Abstract of JP2001 231 767 

PROBLEM TO BE SOLVED: To precisely detect 
excessive noise and excessive non-physiological 
noise in the development of the evaluation test of 
auditory brainstem response(ABR) in response to 
auditory stimuli. SOLUTION: A stimulation 
generating part 10 generates click stimulation 
and is repeatedly administered to a subject, and 
an electroencephalogram(EEG) converter 20 
detects the response of the involuntary EEG of 
the patient to the stimulation and samples it. 
Next, EEG signal adjusting 30 signal processing 
40 operate to prepare EEG response analysis. 
Next, a statistical analysis 50 of the existence of 
ABR and an excessive EEG noise detecting 60 
operate simultaneously. A microphone 80 detects 
surrounding noise, signal adjusting 90 and 
processing 100 operate with this surrounding 
acoustic signal, and an excessive surrounding 
noise detecting 110 operates. The detecting 60 
and the detecting 110 compare the result with 
reference data 70, and a controller 120 provided 
with a user interface displays the result of 
evaluation based on the comparison. 
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AUDITORY CAPACITY JUDGING DEVICE WITH DETECTION AND EVALUATION 
CAPABILITY NOISE 

Claims of corresponding document: EP1114612 



1 . A device for hearing evaluation of a subject comprising: 
means for repeatedly delivering auditory stimuli; 

means for sampling eiectroencephalographic responses to said stimuli; and 

means for determining that no Auditory Brainstem Response ("ABR") waveform is present in said 

eiectroencephalographic responses. 



2. A system for hearing evaluation of a subject comprising: 
a transducer having an audible click output stimulus; 

an electrode system adapted to detect an eiectroencephalographic response to said stimulus; and 
a processor, responsive to said eiectroencephalographic response, having means for sampling the 
eiectroencephalographic response; 

means for processing the sampled eiectroencephalographic response; and 

means for determining that no ABR waveform is present in said eiectroencephalographic responses. 



3. A device for hearing evaluation of a subject comprising: 
means for repeatedly delivering auditory stimuli; 

means for sampling eiectroencephalographic responses to said stimuli; and 

means for predicting that no ABR will be detected in said electroncephalographic responses. 

4. The device according to claim 3, wherein the means for predicting that no ABR will be detected in said 
electroncephalographic response comprises: 

means for detecting the presence of an ABR within a predetermined number of eiectroencephalographic 
responses; and 

means for determining, with fewer than said predetermined number of eiectroencephalographic 
responses, that the probability that an ABR will be detected is statistically low. 



5. A system for hearing evaluation of a subject comprising: 
a transducer having an audible click output stimulus; 

an electrode system adapted to detect eiectroencephalographic responses to said stimulus; and 

a processor, responsive to said eiectroencephalographic responses, having means for sampling said 

eiectroencephalographic responses; 

means for processing said sampled eiectroencephalographic responses; and 

means for predicting that no ABR will be detected after a predetermined number of said 

eiectroencephalographic responses. 

6. The system according to claim 5, wherein the means for predicting that no ABR will be detected in said 
eiectroencephalographic response comprises: 

means for detecting the presence of an ABR within a predetermined number of eiectroencephalographic 
responses; and 

means for determining, with fewer than said predetermined number of eiectroencephalographic 
responses, that the probability that an ABR will be detected is statistically low. 



7. A method for hearing evaluation of a subject, comprising the steps of: 
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repeatedly delivering auditory stimuli; 

sampling electroencephalograph^ responses to said stimuli; and 

determining that the probability is statistically low that an ABR waveform is present in said 
electroencephalographic responses. 



8. A method for hearing evaluation of a subject, comprising the steps of: 
repeatedly delivering auditory stimuli; 

sampling electroencephalographic responses to said stimuli; and 

predicting that no ABR will be detected in said electroencephalographic responses. 



9. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly delivering auditory stimuli to a subject; 

measuring electroencephalographic responses to said stimuli, said responses having an amplitude polarity 
at each point in time; 

digitizing said electroencephalographic responses; 

transforming said digitized electroencephalographic responses into a series of binary numbers 
corresponding to the polarity of the amplitude of said electroencephalographic responses; 
transforming said binary numbers into an array of polarity sums; 

calculating a test statistic zmax based upon said array of polarity sums; and determining the probability 
that no ABR waveform is present in said electroencephalographic responses by analysis of said test 
statistic zmax. 



10. The method according to claim 9, wherein the step of determining that no ABR waveform is present in 
said electroencephalographic responses by analysis of said test statistic zmax comprises: 

calculating an expected mean value of zmax; 

comparing zmax with said expected mean value by using a distance factor; and 

determining that the probability that no ABR waveform is present in said electroencephalographic 

responses is statistically low when the distance factor is below a predetermined threshold. 



11. The method according to claim 10, wherein the expected mean value of zmax is derived from 
normative data. 

12. The method according to claim 1 1 , further comprising the steps of: 
calculating a signal to noise ratio; 

taking into account the signal to noise ratio in calculating the expected mean value of zmax. 



13. The method according to claim 12, further comprising providing the predetermined threshold as -1.3. 

14. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly. delivering auditory stimuli to a subject; 

measuring electroencephalographic responses to said stimuli, said responses having an amplitude polarity 
at each point in time; 

digitizing said electroencephalographic responses; 

transforming said digitized electroencephalographic responses into a series of binary numbers 

corresponding to the polarity of the amplitude of said electroencephalographic responses; 

transforming said binary numbers into an array of polarity sums; 

calculating a test statistic zmax based upon said array of polarity sums; and 

determining the presence of adverse evaluation conditions by analysis of said test statistic zmax. 



15. The method according to claim 14, wherein the step of determining the presence of adverse evaluation 
conditions by analysis of said test statistic zmax comprises: 
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delivering stimuli; 

sampling responses to said stimuli; and 

predicting that said responses contain said evoked response. 



25. The method according to claim 24, wherein the step of predicting that said responses contain said 
evoked response comprises: 

determining the statistical distribution of said responses; 

calculating the probability that said statistical distribution would occur given the absence of said evoked 
response; and 

comparing said probability to a predetermined threshold. 



26. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly delivering auditory stimuli to a subject; 

measuring eiectroencephalographic responses to said stimuli, said responses having an amplitude polarity 
at each point in time; 

digitizing said eiectroencephalographic responses; 

transforming said digitized eiectroencephalographic responses into a series of binary numbers 

corresponding to the polarity of the amplitude of said eiectroencephalographic responses; 

transforming said binary numbers into an array of polarity sums; 

calculating a test statistic zmax based upon said array of polarity sums; and 

using regression analysis to determine the probability that no ABR waveform is present in said 

eiectroencephalographic response. 



27. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly delivering auditory stimuli to a subject; 

measuring eiectroencephalographic responses to said stimuli, said responses containing a signal 
parameter; 

digitizing said eiectroencephalographic responses; 

calculating a test statistic based upon said signal parameter; and 

determining the probability that no ABR waveform is present in said eiectroencephalographic response by 
analysis of said test statistic. 
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1. Tide of Inveniion 

HEARING EVALUATION MVICE WITH NOISE DETECTION AND EVALUATION 
CAPABILITY 

2. Claims 

1 . A device for hearing evaluation of ft subject comprises: 
means for repeatedly delivering auditor stimuli; 

means for sampling eleetroencephalographic responses to said stimuli; and 
means for determining that no Auditory Brainstem Response ("ABR") 
waveform is present in said eleciroeucephalogrjphic responses. 

2. A system for hearing evaluation of a subject comprising: 
a transducer having an audible click output stimulus; 

an electrode system adapted to detect an electroencephalograph^ lesponse 
to said stimulus; and 

a processor, responsive to said eleetroencephalographic response, having 
means for sampling the eleetroencephalographic response; 
means for processing the sampled electroencephalograph! c response; and 
means for determining that no ABR waveform is present in said 
eleetroencephalographic responses. 

3 . A device tor hearing evaluation of a subject comprising: 
means for repeatedly delivering auditory stimuli; 

means for sampling elcctrocnccpualographic responses to said stimuli; and 
means for predicting thai no ABR will be detected in said 
electroncephalographic responses. 

4. Tue device according to claim 3, wherein the means for predicting thai no 
ABR will ue detected in said elcctronceprialographic response comprises: 
means for detecting the presence of an ABR within a picdetermiiied 
number of eleetroencephalographic responses; and 

means for determining, with fewer than said predetermined number, of 
electroencepbalographic responses, that the probability thai an ABR will 
be delected is statistically low. 
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5. A system for bearing evaluation of a subject comprising; 
a transducer having an audible click output stimulus; 

an electrode system adapted to detect electroencephalograpliic responses to 
scid stimulus; and 

a processor, responsive to said clectroenccphalo graphic responses, having 
means for sampling said electroencephalographic i espouses; 
means for processing said sampled electroencephalographic responses; and 
means for predicting that no ABR will be detected after a uredctcrmtneU 
number of said dectroencepualographic responses. 

6. The system according to claim 5, wherein the means for predicting that no 
ABR will be detected in said electron iccphalogr^pliic response comprises: 
means for detecting the presence of an ABR within a predetermined 
number of cleciroencephalographic responses; and 

means for determining, with fewer thsn said predetermined number of 
elevtroencephalographic responses, that the probability that an ABR will 
be detected is statistically low. 

7. A method for bearing evaluation of a subject, comprising the steps of: 
repeatedly delivering auditory stimuli; 

sampling electroencephajographic responses to s^id stimuli; and 
detcrminixjg that the probability is statistically low that an ABR waveform 
is present in said electioencephalo^raphig responses. 

8. A method for hearing evaluation of a subject, comprising the steps of: 
repeatedly delivering auditory stimuli; 

sampling electroencephalographic responses to said stimuli; and 
predictins that no ADR will be detected in said elcctroencephalosraphic 
responses. 

9. A method of evaluation for hearing loss which comprises ihc steps of: 
repeatedly delivering auditory stimuli to a subject; 
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measuring elcciroencaphalographic responses to said stimuli, said 
responses having an amplitude polarity at each point in time; 
digitizing said clcctroenccphalograpfaic responses; 

transforming said digitized clcctrcxnvcphaJographic responses into s scries 
of binary numbers corresponding to the polarity of the amplitude of said 
clectroencephaio graphic responses; 

transforming said binary numbers into an array oi" polarity sums; 
calculating a test statistic tmar. based upon said array of polarity sums; and 
detennining the probability that no ABR waveform is present in said 
elfcctroenocphnlographic responses by analysis of said test statistic z^. 

10. The metuod accofding to claim 9, wherein the step of detcrmiiiing that no 
ABR waveform is preseni in said electro encephalographic responses by 
analysis of scid test statistic i max comprises: 

calculating an expected mean value ofz^^-; 

comparing imax with said expected mean vilue by using a distance factor; 
and 

determining Giat tte probability that no ABR waveform is present in said 
elccUoenc^phaJographic responses is statistically low when the distance 
factor is below a redetermined threshold. 

11. The method according to claim 10, wherein the expected mean value of 
z maz is derived from normative data. 

12. The method according to claim 1 1 , further comprising the steps of: 
calculating a signal to noise fatio; 

taking into account the signal io noise ratio in calculating the expected 
mean value of a max. 

13. The method according to claim 12, further comprising providing the 
pi^eterrnine4 threshold as - 1 3. 
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14. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly delivering auditory stimuli to a subject; 

measuring clcctroencephaJographic iesponscs io said stimuli said 
responses having an amplkuds polarity at each point in time; 
digitizing said dectroenccphalographic responses; 

transforming said digiti/*i rlectioeuc^phalograpliic responses into o series 
of binary numbers corresponding to the polarity of ths amplitude of said 
clectrocncephalographic responses; 

traxxs forming said binary numbers into an array of polarity sums; 
calculating a test statistic z^jx based upon said array of polarity sums; and 
determining the presence of adverse evaluation conditions by analysis of 
said test statistic 2 max . 

1 5. The method according to claim H, wherein the step of determining the 
presence of adverse evaluation conditions by analysis of said test statistic 
i>max comprises: 

calculating tn expected mean value of ^m^x\ 

comparing ijnax with said expected mean value by using a distance factor; 
and 

determining the presence of adverse evaluation conditions when the 
distance factor is above ^ predetermined threshold. 

1 6. The method according to claim 1 5, wherein the expected mean value of 
z max is derived from normative data, 

1 7. A method of cvtduaiion for hearing loss which comprises the steps of: 
repeatedly delivering auditory stimuli io a subject; 

measuring electruencephalographic responses to said stimuli, said 
responses Itaving an amplitude polarity ai each point in time; 
digitizing s*id electrocacephalographic responses; 

transforming said digitized electroencephalographic responses inSo a scries 
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of binary numbers corresponding to the polarity o f the amplitude of said 
ctectroencephalo^raphie responses; 

transforming said binary numbers into an array of polaruy sums; 
emulating a test statistic z^ax based upon said array of polarity sums; and 
predicting that no ABR will be detected in said elcctrocii^iaJographic 
responses by analysis of the test statistic Zf^. 
13. The method according to claim 17. wherera the step of predicting that no 
ABR will be detected after a predetermined number of 
electroencephalograpruc.responses by analysis of the test statistic z max 
comprises: 

calculating an expected mean value of tmax\ 

comparing T 7nax with its expected mean value by using a distance factor; 
and 

predicting that no ABR will be detected after a predetermined number of 
clectroencephalograpluc responses when the diiTcrence factor is Mow a 
predetermined threshold. 

1 9. The method according to claim 1 8, wherein the expected mean value of 
z max is derived from normative data. 

20. The method according to claim 19, additionally comprising the steps: 
calculating a signal to noise ratio; 

talcing into account the signal to noise ratio in calculating the expected 

mean value of z max . 
2 V fhe method According to claim 1 7, further comprising providing the 

predetermined threshold as -1.3, 
72. A method for detecting aa evoked response, comprising the steps of: 

delivering stimuli; 

sampling responses to said stimuli; and 

predicting tliat said responses do not contain said evoked response. 
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23. The method according to claan 22, wherein the step of predicting that said 
responses do not contain said evoked response comprises: 
determining the statistical distribution of said responses; 

calculating the probability that said statistical distribution would occur 
given the existence of said evoked response; and 
comparing said probability to a predetermined threshold. 

24. A method for detecting an evoked response, comprising the steps of: 
delivering stimuli; 

sampling responses to said stimuli; and 

predictiiig that said responses contain said evoked response. 

25. Tte method according to claim 24, wherein the step of predicting that said 
responses contain said evoked response comprises: 

determining the statistical distributioii of said responses; 
calculating the probability that said statistical distribution would occur 
^iYcn the absence of said evoked response; and 
comparing said probability to a predetermined threshold. 

26. A method of evaluation for hearing loss which comprises the steps of: 
repeatedly ddiveriug auditory stimuli to a subject; 

measuring eto^trocncephalographic responses to said stimuli, said 
responses having an amplitude polarity at each point in time; 
digitizing said clectroencephalographic i espouses; 

transformiiig said digitized dectrocccephalographic iesponses into a series 
of binary numbers correspondins *° the polarity of the amplitude of said 
clectroencephak) graphic responses; 

transforming said btnary numbers into an array of polarity sums; 
calculating a test statistic based upon said array of polarity sums; and 
using regression analysis to determine the probability thai no ABR 
waveform is present in said eJectroencephalographic- response. 

ll. A method of evaluation for hearing loss which comprises tbe steps of: 
repeatedly delivering auditory stimuli to * subject; 
measuring clectroencephalographic responses to said stimuli, said 
responses containing a signal parameter, 
digitising said clectroencephalographic responses; 
calculating a test statistic based upon said signal parameter; and 
determining the probability that no ABR waveform is present in said 
clectrcencephalographic response by analysis of said test statistic. 
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3. Detailed Descriptioa of Invention 
figlaied Applications, 

This application i? related to the co-pending and cot wnonly assigned U.S. 
Patent Application entitled "Hearing Evaluation Device with Patient Connection Evaluation 
Capabilities," attorney Docket No. 8668-2028. filed by Matthijs.P. Smits, Vineet Bansai, 
Abraham J. Totah and Bryan P. Flaherty and the U.S. Patent Application entitled "Hearing 
Evaluation with Predictive Capabilities," attorney Docket No. 8668-2027, filed by rvfctthijs P. 
Smits and Christopher M. Coppin, the disclosures of winch are hereby incorporated herein by 
reference. 

1. Field of the Invention, 

The present invention relates to devices and methods that use 
elcctroencephalographic responses to auditory stimuli to evaluate hearing loss. More 
particularly, the present invention relates to the detection and evaluation of excessive noise 
factors, thereby increasing the reliability and speed of such evaluation. 

2. Background of the Invention. 

In the past, hearing impairment in babies and children was often not detected 
until artex it was observed that the baby or child did not respond normally to sound. 
Unfortunately, it often took months or even years for the parent to observe the impairment, 
and iry that time the child's language and learning abilities were negatively and often 
irreversibly impacted. Indeed, recent studies indicate that the vocabulary skills of hearing 
impaired children markedly increases if their bearing loss is detected csrly. The optimal time 
to evaluate for hearing loss is thus immediately after birth, both because esziy detection 
allows for early treatment, and because parents often fail to bring their infants for later 
sp^intments. As a result, a number of states have implemented programs to evaluate 
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newborns for hearing loss. 

However, babies, especially newborns, cannot participate m traditional 
bearing tests, which rcquLc the subject to indicate if be or she hears the auditory stimulus. 
Thus, devices and methods have been developed to objectively determine hc*rin 5 loss, 
without the voluntary participate of the subject One such method involves analysis of the 
involuntary ciectroencephalographic (EEG) signals that a* evoked from a subject in 
response to an auditory stimulus. It has been found that when a subject is able to perceive a 
sound having particular charactcibtics, a specific EEG waveform known as an Auditory 
Brainstem Response (ABR) is S ene rated. This ADR response signs! is typically small in 
magnitude in relation to general KEG activity. Therefore, statistical and signal processing 
tcclmiqucs have been employed and developed to help dciect, to a pre-defined level of 
statistical confidence, whether an ABR response has in fact b^en evoked. ABR testing is 
especially applicable to evaluation of infants, but can be applied to any subject. 

The ADR tf*at is evoked in response to the auditory stimulus may be measured 
by use ol surface electrodes on the scslp or neck. As a practical matter, the electrodes will 
also detect noise signals from neural activity (besides the ABR). muscle activity, and non- 
physiological, environmental noises. Accurate detection of excessive noise, and excessive 
non- physiological noise, has thus been a cliallenge for those developing ABR evaluation 
tests. It would b$ especially advantageous to discern non-physiological noise, because such 
noise may be ameliorated or even eliminated (such as by moving or turning ofif&n interfering 
device). 

The present invention represents a major advance in the art because it allows 
for more accurate detection of excessive noise, and because it provides a method to detect 
non-physiological noise. 
? . Description of the Prior Aft, 

Several techniques Lave been used to minimise the physiological noise in the 
EEG response from an auditory stimulus (see M Don and C. Elberlino, Evaluating Residual 
Background Noise in Human Auditory Brain-Stem Responses, J. Acoust Soc. Am. 96 (5), Pt 
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1 : 2746-2757 (1994)), including signal averaging *nd weighted signal averaging, signal 
filtering, artitact rejection, stimulus modification, targeted electrode placement, and various 
techniques designed to relax or sedate the subject 

The prioi art also details techniques that evaluate the current noise content in 
the averaged EEG response against a p re-set threshold, which represents a stopping criterion 
for the hearing loss evaluation. However, tie prior art does not provide for the detection of 
excessive noise in relation to non-phyaiologicttl noise sources or the use of normative data. 

The prior art also addresses some excessive acoustic noise issues by rejecting 
EEG responses if the ambient acoustic noise amplitude exceeds a certain p re-set threshold. 
Such ambient acoustic noise can be detected from a microphone placed on or near the 
earphones of the subject, and if it exceeds a prcdetennined voltage threshold, then EEG 
responses obtained at or near the time of excessive noise caa be rejected. Additionally, the 
ambient noise received by the microphones can be filtered before analysis, to exclude nois« 
that is unlikely to interfere with testing by masking the auditory click stimulus. 
4. Objects and Summar y of the Invention 

The present invention provides a device and method fof use in analyzing the 
EEG signal evoked in response to an auditory click stimulus, to determine if the subject 
suffers from hearing loss. Broadly, the invention is directed to devices and methods that are 
capable of detecting excessive noise, based upon analysis using normative data, and using 
certain statistical techniques. This invention also is directed io devices and methods capable 
of detecting certain non-physiological noise, and determining when such non-physiological 
noise is excessive. Additionally, this invention allows for an improved determination of 
whether the ambient acoustic noise in the test site is excessive. 

In one embodiment of the invention, evoked EEG responses to auditory 
stimuli are collected, and organized into "sweeps," with each sweep containing the response 
signal fox one auditory stimulus. The sweeps are organized into blocks, with each block 
containing a number of sweeps. 
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The response signal for each sweep is di^ti-xd and converted into a scries of 
binary numbers corresponding to whether the amplitude of the response signal is positive or 
negative at various points in time. The digitized, binary waveform is compared to a 
benchmark A3R waveform to determine if the ABR is present. To make this detcrrniriation, 
a polarity sum is calculated, which represents the sum of the polarities of tlie response signals 
at eacli measured point in time. Statistical technique* are then used to determine if an ABR is 
present, relying upon the expected distribution of polarity sums in the absence of an ABR- A 
"Pass" is triggered if the observed polarity sum distribution is determined to be statistically 
different, to a defined threshold, than that expected from random noise. After a certain 
number of blocks have been completed, the evaluation will cease if a "Pass" has yet not been 
triggered. Under such ciicumstaaees, tlie subject will be referred for further testing to 
determine if he or she in fact docs suffer from bearing loss. 

In accordance with the present invention, evaluation may be paused if the 
noise contribution to the response signal exceeds a preset threshold, and therefore is deemed 
to be excessive. The preset threshold is preferably derived from an analysis with standardized 
normative data. The pause period allows the operator time to attempt to correct the excessive 
noise. Moreover, evaluation can also be paused if tlie contribution of non-physiological noise 
is excessive. One method of determining excessive non-physio logical noise is to measure 
the extent to which the average sum of polarities deviates from chance, i.e., the extent to 
which the distribution of ihe ave/age sum of polarities deviate* from the cHsiri'uutiun that 
would be expected. Another method of aeter mining excessive non-physiological noise is to 
measure the difference between mean and median EEG signal amplitude tor a block of 
sweeps. If such deviation or difference is beyond a pre-sct threshold (and therefore 
"excessive"), the evaluation uiay not only pause to allow the operator an opportunity to 
correct the problem, but the latest block of data may also be rejected. 

It may be desirable in some instances to alert the operator to the presence of 
non-physiological noise even if the noise is not deemed to be excessive. The operator could 
then attempt to ameliorate or even eliminate the noise, thereby increasing the efficiency of 
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the test. The present invention therefore improves upon the prior art through its methods of 
automatically detecting excessive noise, and uy detecting an excessive non-physiological 
component iu the noise. 

The present invention also provides an improved device and method to 
determine it the ambient acoustic noise is excessive, based upon signal energy, rather than 
noise amplitude, as commonly used in artifact rejection. 

As described below, the present invention makes extensive use of normative 
data. These normative data were derived from analysis of clinical data, and from computer 
simulations representing different testing conditions. Normative data have been used to 
develop the drawings described in the subsequent paragraph, and are thus representative of 
clinical and statistical (computer simulated) data that could be compiled by a person of 
ordinary skill id the art 

Further features, clem oils, and advantages of the present invention will 
become apparent to a person of ordinary skill in the art in view of the following detailed 
description of a preferred embodiment of the present invention, made with reference to the 
drawings annexed, in which like reference characters correspond to lite elernenis- 
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S nescriDtio" "« "i- P-efened Embodiment, 
n Overview 



The invention disclosed herein detests, processes ud analyos the EEG 
response of a subject to certain sound stimuli. A click sound stimulus i* redely 
to the subject's ear through a transducer. The click stimuli may be- applied to one e*r at a 
ti rr*(mo n0a u ra lly).a,tob^^ 1„ a prefenred embodiment, 

noonoaural stimuli arc applied at 37 Hz. 

The EEG response is detected from surface electrodes. Testing may be 
perfonncd to ensure thai the electrodes have been properly placed, and that nothing is 
impeding th* electrodes' ability to detect the EEG response signal. 

In a preferred embodiment (see. Fig, 6). the electrodes arc pUced on the 
subject in the following manner: a positive electrode is placed on ths forehead, a negative 
electrode is placed on the nape of the neck, and a ground electrode is placed on the mastoid 
or shoulder. The EEG signal detected fiora these. electrodes is filtered so as to exclude 
signals that arc not applicable to the ABR. 

The amplitude of the EEG response is digiti2ed > and is assigned a binary 
value. This binary value represents the amplitude polarity of the waveform, that is, whether 
the respoase EEG amplitude is positive or negative, at the measured time. 

The stimuli and responses are grouped into "sweeps" and "blocks" A sweep 
is a response waveform to a single click stimulus. A block is a series of sweeps, and in a 
preferred embodiment, represents 500 accepted click stimulus responses. We refer to 
-accepted" click stimulus responses, because results from some sweeps may be rejected from 
analysis due to problems with the testing conditions, as explained further below. 

Upon completion of a block of accepted sweeps, signal averaging is used to 
compute the composite waveform that results from this block, la addition, signal averaging 
is also used to compute the average composite waveform from all blocks combined. This 
average composite waveform is then compared with en internal template, to determine if the 
null hypothesis {HJ can be rejected. The null hypothesis is the hypothesis that the baby is 
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heanng-impaired fi.c # there is no ABR response), and will be rejected if the probability of 
hearing impairment is oclow a certain pre-set statistical threshold. In the preferred 
embodiment, the null hypothesis is rejected, and the evaluation ceases, when sufficient data 
has been collected to conclude, with 99.96% statistical confidence, thai an ABK. waveform is 
present. A "PASS" or other similar message may then be generated. 

If the average composite waveform is insufficient to reject the null hypothesis, 
then the evaluation continues until the toUl number of sweeps exceeds a preset threshold. If 
the maximum number of sweeps has been exceeded, but the null hypothesis has aoi been 
rejected, then the subject would typically be referred for further testing to determine if in fact 
he or she suffers from bearing impainncnt Additioiially, for certain subjects, the present 
invention may be able to predict that the subject will not pass, thus obviating the need for 
lengthy testing. (See U.S. Patent Application entitled "Hearing Evaluation Device with 
Predictive Capabilities" filed by Maithijs P. Smits and Christopher M. Coppin.) 
b. Signal Analysis 

The chief challenge in using ABR to evaluate for hearing loss is the difficulty 
in distinguishing the ABR response (if any) from the noise within which it is buried. This 
noise is typically Gaussian -distributed, with a mean amplitude of zero, and with changing 
variance. Additionally, certain con-physiological noise Is distinguished by the feet that it is 
csymmctric, as illustrated in Figure 3, which shows a typical symmetrical 60Hz noise, and 
the asymmetrical noise associated with the refresh function of a computer monitor. 

As stated above, the present inveation detects the presence of an ABR by 
repetitively applying click stimuli in blocks of N b -500 sweep3. Each click stimulus is 
comprised of a brief acoustic pulse containing energy primarily in the 500-4000 Hz region. 
The repetition rate for the clicks is 37 Hz. The polarities of the click stimuli are sequentially 
alternated between condensation (positive square pulse) and rarefaction (negative square 
pulse) stimuli. Since the noise typically has a mean of zero and no component is 
asynchronous with the stimulus repetition rates, it is likely to sura toward zero with 
increasing sweeps, leaving the ABR. 
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Under the preferred embodiment of the present invention, the amplitude 
sequence of each dick stimulus response is converted into a sequence of polarities (positive 
or negative) which, in turn, is summed with the other response polarity sequences in block b y 
to form the array X b . For instance, an amplitude sample in the click stimulus response would 
be given a "I n if this amplitude were positive (no mutter how high), and a "0 7 * if this 
amplitude were negative (no matter how low). And, if no ABR were present the expected 
proportion of polarities, which is the same as the polarities of the ABR waveform would be 
0.5. However, if an ABR were present, the proportion would likery be higher. The 
proportion of polarities in an evoked response matching the ABR waveform is related to the 
amount of signal noise. 

After each block of sweeps, the summed polarity sequence Xt, for block b is 
summed with the other summed polarity sequences into an array X, Abo, the total number of 
sweeps Wis calculated as the sum of the number of sweeps iu each block: 

The summed polarity sequence A' is theu compared with a template waveform, 
which has been compiled with the use or normative data (see. Fig. 1 ). This template is 
comprised of M weighted points, strategically placed to match the typical ABR waveform 
(see Fig. 2). At each of the M points, a weigirt is assigned, reflecting the importance and 
polarity of the given measurement point in ascertaining the presence of an ABR, as derived 
from normative data. Thus, for any given point m, the sum of the polarities would be x m . The 
sum of the weights equals zero. 
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The present inveation uses a test statistic z to aid in determining if an ABR is 
present. This test statistic is defined as: 

where N is the number of sweeps, p is the probability of positive polarity, q is the 
complementary probability. The test statistic r scores the random binary array A' by 
multiplying its elements x m at each template point m with the corresponding weight w m , and 
summing these results into a single, normalized number. Now, in the absence of an ADR, the 
peak of the distribution of 2 would remain at zero, while in the presence of an ABR, the test 
statistic would grow with increasing number of sweeps N. 

Subjects exhibit variability in the latency of the ABR waveform, so that 
different subjects, each of whom can hear, may exhibit ABR waveforms at different times 
after the click stiraului. In order io compensate for this variability, the test statistic 2 may be 
recalculated at various times. The highest z from each of these time-shifted samples, 2V«, can 
be saved used to determine the presence of the ABR. In a preferred embodiment of the 
present invention, a pass is indicated when 2^ 1 caches a value that is 4 standard deviations 
from zero. 

Additionally, it lias been found that iue peak-to-peak amplitude of the ABR in 
norrna!-hearini£ babies varies from baby to baby. As explained below, the present invention 
accounts for this variability in ABR amplitude, by making conservative assumptions about 
the ABR amplitude of the subject who is being tested. 

The present invention also discloses a method and apparatus for delecting 
excessive noise contribution, and for detecting non-physiological noise and deterrainins 
when such non-physiological noise is excessive. 

Excessive (symmetric) noise detection is achieved by calculating the EEG 
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signal variance for each block of sweeps, defined as: 



5 r-i 

Here T represents all sample points in all sweeps ia the block, and S(t) the 
EEG signal amplitude at sample time /. This signal variance is compa^d with a threshold 
signal variance derived from normative date. The variance thrcsliold, corresponds to a level 
of noise so high that even s subject whose ABR was in the 90* percentile in terms of 
amplitude would still fail 50% of the time. 

Under ihe present invention, excessive noise evaluation i> conducted only 
after the completion of each block of sweeps. When excessive noise is detected, the 
evaluation pauses, and the operiitor is asked whether he or she wants to continue evaluation, 
or stop the evaluation to allow time to address and possi'uly ameliorate the excessive noise. 

The present invention also allows for the detection of excessive polarity bias 
in the response signal. Such polarity bias, fi t is associated with certain non-physiological 
noise sources, such as the refresh function on a computer monitor. Excessive bias can skew 
the average sum of polarities. Excessive non-physiological (asymmeiric) noise detection is 
achieved by calculating the EEG polarity biss for each block of sweeps, defined as: 




This polity bias is compared with tha threshold bias associated with the 10 th 
percentile ABR waveform, which is based on the signal variance and is derived from 
normative data. 
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Using normative data, along with the excessive noise teciiniques described, 
one is able to define regions of different combinations of noise variance and polarity bias, 
which are assigned with different test condition results, end which define adverse testing 
conditions (Fig. 4). In defining tliesc regions of adverse testing conditions, the noise 
variances associated with the 1 0 th 2nd 90* percentile ABR waveform are used as tLe 
threshold curves for the excessive noise and l/ias detection. 

In accordance with another aspect of the present invention, one can evaluate 
polarity bias artei the completion of each block of sweeps. If excessive bias is indicated, the 
last block of sweeps may bt rejected, and the operator may be queried as to whether the 
evaluation should continue, or should be suspended to address the excessive bias. 

The polarity bias indicator of the present invention turns on every time the 
bias exceeds the minimum threshold, *hich is set at four standard deviatjona away from the 
mean of the no-bias condition. Other levels could be used Since the sources of 
asymmetrical noise, and hence polarity bias, are coroinonly non-physiological in origin, the 
bias indicator can be used to detect the presence of certain types of electrical interference 
from environmental sources, even if the polarity bias does not significantly affect the 
progression of z^, 

The present invention also provides for an improved ability to detect excessive 
ambient acoustic noise. Research has indicated that ambient noise can mask the click 
stimulus. (See Jesteadt, tt of.. 'Torward-Masking Functions," J. Acoust Soc. Am., VoL 71 , 
No. 4 April 1 982). In order to address this problem, in accordance with the present invention 
the signal energy, E, of tlie ambient noise is measured, father ihart the amplitude of the signal. 
Additionally, the present invention gathers signal energy measurements in three 
approximately 20-miUisecond windows, each placed immediately prior to the onset of one of 
the last three clicks. Excessive ambient noise is determined according to the following 
equation: 
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In this equation, T\ , 72 and 73 aic the pre-click windows of time associated with the current, 
previous and 7 M previous click, respectively, P m (t) represent the filtered microphone signal 
at sample time t for sweep n, and \t represents the sample time interval (tt =025 
milliseconds). If the weighted energy sura E exceeds a prc-set Caeshold, the current sweep is 
rejected and the rejection is noted through an indicator on the graphical user interface or 
otherwise. 

The generation of the click stimulus, the detection of the EEO response signal, 
the detection of the ambient noise, the processing and analysis of the EEG response signal, 
and the display of the results are performed by conventional electronic means, e.g. digital 
microprocessor controlled devices. Such devices include a transducer to generate the 
auditory stimulus, conventional electrodes to detect the EEG response signal, a conventional 
microphone to detect the ambient noise. To analyze the EEG response signal a processing 
t.mit such ss a conventional microprocessor, and memory unit are needed. Additionally, a 
display unit and optionally an input device, such as a mouse and/of a keyboard, provide 
operator interface. 

As shown in Figure 6, stimulus generator 10 generates the click stimulus, «id 
EEG transducer 20 detects the EEG response to the stimulus. Next, EEG signal conditioning 
30 and signal processing 40 occur, readying the EEG response for analysis. Statistical 
analysis for the presence of an ABR 50 then occurs, and excessive KEG noise detection 60 
simultaneously occurs, in accordance with the present invention. Also during evaluation, 
microphone 80 detects ambient noise, and this ambient acoustic signal undergoes signal 
conditioning 90 and processing 100, and excessive ambient noise is detected 1 10, in 
accordance with the present inventioa Normative data 70 is used for both the excessive 
ambient nois* analysis and the excessive EEG noise detection. Finally, a control device with 
user interface 120 displays the results. 

One skilled in the art will appreciate that the present invention can be 
practiced by other than the preferred embodiments, which are presented for purposes of 
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illustration and i»t of limitation In addition, the specific parameter values identified herein 
arc useful or representative parameter values, and it should be understood that otiier values Oj 
ranges of values for these parameters may be used without departing from the spirit and 
scope of the invention. 
4. rtricf Descriptsoo of Drawings 

Figure 1 illustrates atypical ABR waveform. 

Figure 2 illustrates a weighted ABR template. 

Figure 3 flhistratcS examples of typical symmetric 60 Hz noise and 
asymmetric 60 Hz monitor refresh pulse noise. 

Figure 4 illustrates excessive bias and noise detection thresholds as a function 
of signal noise and polarity bias. 

Figure 5 illustrates a bode plot of the iiardwaic filtering for the ambient noise 

evaluation. 

Figure 6 is a block diagram of the components of the testing apparatus of the 
present invention. 
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Figure 3 
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1. Abstraei 

An apparatus and method for evaluation of hearing loss is disclosed. The 
apparatus and method use evoked Auditory Brainstem Responses (ABR) to determine if the 
subject is flule to hear click stimuli that ate repeatedly administered. In order to facilitate 
efficient differentiation of the AftR from the accompanying noise, normative data is used to 
detect test conditions where physiological, non-physiological, and ambient acoustic noise 
would interfere with the progression of test 
Z Representative Drawing 
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